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Introduction
In the last ten years or so the debate on the Middle-to-Upper Palaeolithic transition and on the causes of the extinction of Homo neanderthalensis (Hn) has been fuelled not only by the acquisition of data through state of the art analytical techniques, such as AMS radiocarbon dating, palaeogenetic and isotopic analyses, but also through the re-evaluation of collections from past excavations and by the adoption of interpretative models on behavioural and subsistence adaptations (Schmitz et al., 2002; Krause et al., 2007; Hoffecker, 2009; Crevecoeur et al., 2011) .
AMS radiocarbon dating on sites associated with late Neandertals and early Homo sapiens (AMHs) indicates that the biological, cultural and behavioural shift which took place with the Middle-Upper Palaeolithic transition occurred between 40 and 28 ka 14 C uncal BP (Smith et al., 1999; Ovchinnikov et al., 2000; Wild et al., 2005; Higham et al., 2006a; Semal et al., 2009; Jöris et al., 2011) .
Mitochondrial palaeogenetic analysis (Caramelli et al., 2003 Serre et al., 2004 Briggs et al., 2009 has highlighted the differences between Hn and AMHs. The draft of the Neandertal genome (Green et al., 2010) , however, supports the hypothesis that a certain admixture between AMHs and Hn probably occurred, given that both Europeans and Australasians share 1% to 4% of their nuclear DNA with Neandertals, although Africans do not. This implies that early AMHs interbred with Neandertals after modern humans left Africa, but before they spread into Eurasia and Australasia. However, even if this is most parsimonious explanation, another hypothesis could also explain the genetic data: the existence of an old substructure in Africa that persisted from the origin of Neandertals until the ancestors of non-Africans left Africa (Green et al., 2010) . Three main models have been proposed to explain the replacement of late Middle Palaeolithic (LMP) technologies early by Upper Palaeolithic (EUP) ones: the "single-species" model (Bar-Yosef, 2002; Gravina et al., 2005; Mellars, 2005 Mellars, , 2006a Mellars, , 2006b , the "multiple-species" model (McBrearty and Brooks, 2000; Harrold and Otte, 2001; d'Errico, 2003; d'Errico et al., 2003; Hensilwood and Marean, 2003; Zilhão, 2006) and the "Mosaic" model (Clark, 2002; Cabrera et al., 2006; Straus, 2007) .
There is no general agreement within the scientific community regarding the dynamics of the biological (Hn/AMH) and cultural shifts (LMP/EUP). As a result of this, some authors have recently proposed that the two questions should be to some extent de-coupled (Bernaldo de Quirós and Maíllo-Fernández, 2009 ).
In the light of the present state of knowledge, an important area for investigating the biological, behavioural and cultural shifts which took place with the Middle-to-Upper Palaeolithic transition is the territory of the Lessini Mountains (Monti Lessini). The reasons for this are that this area of northern Italy was occupied during the period in question and both Hn and AMHs left behind traces of their presence at numerous cave and rockshelter sites. The collections from the 1957 and 1977 excavations at Riparo Mezzena are potentially of great scientific interest, given that, as will be shown in the present paper, this is the only site in Italy, and one of the few in Europe, to have yielded human bone fossils which date to the Middle-to-Upper Palaeolithic transition period, M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 3 producing frankly Mousterian techno-complexes. The following sections of this article will describe the site of Riparo Mezzena, review the preliminary results of recent anthropological and palaeogenetic studies on the human remains and of the studies of the lithic industries from this site. In addition, it presents the first radiometric date for the site, which, as will be discussed, has important implications for the debate on the transition from the Middle to the Upper Palaeolithic. This research has been undertaken within the remit of the 'Human Fossil from Verona area' project, along with other studies on collections from Riparo Mezzena, which include archaeozoological and isotopic analyses and which are all aimed at improving understanding of the process by which Neandertals were replaced by AMHs in the Italian Peninsula.
Riparo Mezzena
Site
Riparo Mezzena is a rockshelter at 250 m a.s.l., which opens onto the Vajo Gallina in the Lessini Mountains, reliefs to the north of the Po plain and of the modern city of Verona (Fig. 1A, B) . The shelter is small, around 60 m 2 ( Fig. 1C) , and access to the site easy from the top of the Nummulites limestone formation in which it occurs. Riparo Mezzena is located in an area within which raw materials and water, necessary for human subsistence, would have been easily obtained. In addition, the rockshelter would have been strategically placed for observing seasonally migrating mammalian herbivores, following the 'natural paths' that characterize the morphology of the Lessini Mountains (Thun et al., this issue).
Stratigraphic sequence
The deposit at Riparo Mezzena, excavated in 1957 by Zorzi and Pasa of the Museo di Storia Naturale di Verona, was 1.5-1.7m thick and composed of three main lithological layers (Fig. 1 D) . The original interpretation of the stratigraphic sequence was confirmed by investigations arising from a test excavation carried out in 1977, under the aegis of the University of Ferrara, on a baulk left unexcavated in 1957. The 1977 excavation campaign included the application of a wide range of studies aimed at clarifying site formation processes and at reconstructing the palaeoecological changes, which occurred around the site during the accumulation of its deposit . The stratigraphic sequence was subdivided into the following units, starting from the base and moving towards the top.
Layer III, about 70 cm thick, rests directly on top of the bedrock. It is composed of a sandy sediment characterized at the bottom by mid-sized pebbles, while towards the top of the layer the rocks tend to become more angular, which is evidence for thermoclastic weathering). These sedimentological features, along with data from pollen and faunal analyses, have been interpreted by the excavators as indicating a relatively humid and temperate continental climate in the Lessini Mountains during the deposition of this layer . The pollen recovered within the deposits at Riparo Mezzena suggest the presence, within a short distance from the site, of deciduous woodlands (Carpinus, Juglans, Alnus, Betula) and open grasslands , similar to those of the Mammoth Steppe or taiga-steppe, an ecosystem which during MIS3 was spread across the Po plain (Gallini and Sala, 2001 ). This varied environment was characterised by a great biodiversity, with red deer, roe deer and large bovids being the main herbivores, but with other mammalian taxa such as ibex and irish elk, as well as wild boar, also present in the site catchment (Thun et al., this issue) . The presence in Layer III of various hearths in succession, separated from one another by a few centimetres of sediment, suggests multiple episodes of occupation by Neandertals, who repeatedly used the shelter for subsistence activities, taking back to it lithic and faunal resources probably attained within the daily foraging radius.
Layer II is composed of a loessic sediment, in which at least three concretion levels have been identified; the thickness of this layer varies from 50 to 70 cm. The pollen from this layer is consistent with an open grassland with scattered Pinus silvestris, Alnus and Betula .
Palaeoecological data suggest that among ungulates, red deer and roe deer, were still dominant opposite to cold environment species (elk, Irish elk, chamois and ibex) which are absent with the exception of marmot (Thun et al., this issue) supporting for a quite arid climate even though more tempered that the one attested in layer III.
The presence of a few hearths suggests various episodes of human occupation. The Mousterian lithic assemblage is less abundant than in the layer below, probably due to the more sporadic presence of Hn in the rockshelter at this time.
Layer I, the uppermost part of the surviving deposits, was divided into two sub-layers (Ia and Ib) during excavation. It is made up of reddish brown sediment which, in the light, assumes an earthy uniform dark brown colour. The maximum thickness of this layer was about 30 cm.
This layer contained almost exclusively Mousterian lithics and faunal remains attributable to the closing stages of the Middle Palaeolithic. A few pottery fragments and bones of Holocene fauna have also been recovered in Layer I, suggesting that this part of the deposit was disturbed by the activities of Bronze age groups that visited the cave. However, given that this uppermost layer does not contain material culture or bones of later prehistoric age, it is likely that the undisturbed deposit was truncated in the mid-Holocene and only reworked in the Bronze Age. Layer I is of great interest because its lowermost portion (sub-layer Ib) contained fifteen human bone fragments which, as described in more detail below, are attributable to Hn. It is not entirely clear whether these bones were primarily deposited during the initial accumulation of Layer I or whether they actually originate from the uppermost part of Layer II. On the basis of the sedimentological, palynological and palaeontological studies undertaken by Bartolomei et al. (1980) it can be concluded that the entire deposit at Riparo Mezzena accumulated during MIS 3 and is largely in situ.
Morphology of the human remains
The human fossils from sub-layer layer Ib include an incomplete jaw represented by the symphyseal region and a section of the mandibular corpus, eleven cranial fragments and three fragments of post-cranial elements.
The mandible (inv. no.: IGVR-14) is incomplete and no teeth are preserved. As the result of a pathological condition, some of the teeth were lost ante mortem (Condemi et al., 2011) .
The two vertical branches and the right side of the mandibular corpus are broken, the symphyseal region is complete. On its left side, the body of the mandible is conserved up to the level of the second molar. The mandibular corpus is morphometrically similar to European Neandertals and, in particular, to Neandertal Circeo III from central Italy (Condemi, 2001; .
The cranial fragments are attributable to frontal, occipital and parietal bones, and might belong to a single individual, although it is not possible to refit them. The thickness of all the cranial fragments is remarkable and stands outside the range of variation of modern Europeans, while it is within the upper range of variation of Neandertals (Condemi, 2001; . The fragmentary state of the material allows only limited anatomical analyses, although some of these bones, such as the frontal and occipital fragments, bear diagnostic Neandertals traits. For example, a frontal bone fragment (inv. no.: IGVR 63017-5) is very flat, as is typical for Hn and, in particular, for the Neandertals of the Italian Peninsula (e.g. Saccopastore and Guattari). In view of their state of preservation and of their morphological traits, these fossils may have belonged to the same adult individual.
The taxonomic attribution of these bones to Hn has been confirmed by repeated palaeogenetic analyses, as reviewed below. A detailed study of the physical anthropology of these fragmentary fossils, as well as comparative analyses, are currently being completed.
Palaeogenetic analyses
Three human bone fragments labelled MLS 1 (parietal), MLS 2 (parietal) and MLS 3 (scapula), have been sampled for palaeogenetic analyses. Diagnostic fragments of mitochondrial DNA M A N U S C R I P T
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(mtDNA), ranging from nucleotide (nt) 16230 to nt 16262, have made it possible to attribute bone fragments, which are difficult to assess through morphological analysis, to Homo neanderthalensis (Caramelli et al., 2006) . In the case of the MLS 1 sample it was possible to obtain a fragment spanning to 16024 nt to 16400 nt of hypervariable 1 ( HVR-1) of mitochondrial DNA sequence. This data allowed Caramelli et al. (2006) to demonstrate that the Neandertals of southern Europe had a high degree of genetic diversity compared to their conspecifics in northern regions of the continent.
The good perseveration and high level of endogenous DNA in the MLS 1 specimen has also enabled the recovery of nuclear DNA fragments: i) melanocortin 1 receptor gene (mc1r) and ii) the gene of microcephalin (mcph1).
The mc1r gene is responsible for skin and hair colour variation in humans and other vertebrates. Variants of mc1r with reduced function are associated with pale skin color and red hair in humans. Lalueza et al. (2007) amplified and sequenced a fragment of the mc1r gene from MLS 1 and from a Neandertal specimen from El Sidrón Cave in Spain. Both specimens had a mutation that was not found in ~ 3700 modern humans analyzed. Functional analyses performed on this variant showed a reduced mc1r activity and the data suggested that inactive mc1r variants evolved independently in both modern humans and Neandertals. The weakened activity of this variant suggests that Neandertals probably had pale skin and/or red hair.
The gene microcephalin or mcph1 is a critical regulator of brain size and likely plays an essential role in promoting the proliferation of neural progenitor cells during neurogenesis, supporting the possibility that it may have contributed to the phenotypic evolution of the human brain (Evans et al., 2005) . The high frequency (around 0.70 worldwide) and relatively young age (between 14,000 and 62,000 years) of a derived group of haplotypes, haplogroup D, at the mcph1 locus has led to the hypothesis that haplogroup D originated in a human lineage that separated from modern humans >1 million years ago, evolved under strong positive selection and passed onto the human gene pool by an episode of admixture circa 37,000 years ago (Lari et al., 2010) The geographic distribution of haplogroup D, with marked differences between Africa and Eurasia, suggests that the archaic human form admixing with AMHs might have been Neandertal. By sequencing a fragment of the microcephalin locus of specimen MLS 1, it was possible to empirically demonstrate that this sample was homozygous for the ancestral, non-D, allele.
The mcph1 genotype of the MLS 1 specimen from Riparo Mezzena does not provide conclusive evidence on whether interbreeding took place in Europe between Hn and AMHs, but it shows that the speculations on a possible Neanderthalian origin of what is now the most common mcph1 haplogroup are not supported by empirical evidence from ancient DNA.
Lithic industries
The tens of thousands artefacts unearthed within the deposits at Riparo Mezzena are undisputedly attributable to the La Ferrassie facies of the Mousterian cultural complex . This is also the case of the lithic assemblage from Layer I, in spite of the fact that this uppermost part of the deposit was reworked in the Holocene by Bronze Age occupants. The main features of the lithic industries from Riparo Mezzena are described in the following paragraphs.
The raw materials used consist primarily of flints derived from the Mesozoic limestone formations of Maiolica, Scaglia Variegata, Scaglia Rossa and, in lower percentages, Eocene Limestone, all available within 5 to 15 km from the site. The stone material originates from subprimary and secondary deposits. It is also available in the creeks at the bottom of the canyons cutting the Lessini Mountains along a N-S axis, as it is observable from the base of the cortex deterioration, even on some technological categories .
Flint was exploited through two production systems employing different blanks: the first one made use of natural unmodified lithic resources (blocks, nodules, slabs), while the second one M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 exploited the dorsal or ventral surfaces of flakes (cores-on-flakes) originating from by-products of knapping or introduced directly into the site from outside.
The cores and predetermined blanks suggest the adoption of three operative production systems. The most frequently adopted one was guided by the Levallois predetermination concept (Boëda, 1994) , while discoidal production was definitely subordinated. Some lithics in Layer II result from the application of the laminar volumetric concept to prismatic cores with one trimmed striking platform. Levallois cores are linked to the recurrent unidirectional method (Fig. 2, nos. 5, 7) and to its variants, recurrent centripetal (Fig. 2, nos. 1, 6 ) and preferential modalities .
Unidirectional modality (Fig. 2, nos. 2-4; 8-11) produces predetermined blanks with different functional characteristics, obtained with diverse strategies which ensure that the technical objectives are met. The reduction process, adopted after shaping with Levallois predetermination criteria, is based on obtaining successive series of predetermined blanks. Once the first Levallois series had been obtained, flaking may have continued through one of two strategies:
-the first one aimed at resharpening of convexities in order to obtain a new predetermined series with the same flaking axis as the previous ones, an operation which may have been performed until the final stage of the reduction process;
-the second one (limited option), instead, is based on changing the flaking axis of the new predetermined series, obtained by rotating the core by about 90° or 180°. This operation should have been preceded by the production of a new trimmed striking platform and, sometimes, by a partial resharpening of the convexities.
The centripetal modality was adopted at the onset of the reduction sequence and differs between cores worked to produce predetermined blanks through centripetally (Fig. 3, nos. 1, 5-6) or chordally oriented removals.
Preferential modality displays different strategies for shaping through the Levallois criteria of predetermination, with the flaking surface being prepared by centripetal or unidirectional removals. Some cores may represent the transitional stage from recurrent modalities to preferential ones. A few lithics have a discoidal volumetric structure.
The laminar concept of the lithics present in the Layer II is characterized by a unidirectional operative scheme. The shaping of the flaking surface was not achieved though the removal of a first crested blade.
The typological structure is characterized by the strong occurrence of the typical Mousterian composition (Bordes, 1961) . Group II types are well represented (Fig. 3, nos. 2-4, 7-14), among which simple side-scrapers are followed by Mousterian points, déjetés, transverse scrapers and by other categories.
Group III tools (Fig. 4 , nos. 1-23) are rare and maintain the same frequency in the two layers, while Group IV tools slightly increase from bottom to top, with a consequent reduction in Mousterian group tools.
AMS radiocarbon dating
Three organic remains were selected for dating: two animal bones from Layer III and a parietal bone fragment from Layer Ib, which has been genetically-typed to Hn. This paper reports the result of the dating on one of the two faunal samples from Layer III, specifically that obtained from the second phalanx of a bovid (inv. no: V10276). Collagen extraction on these samples included a super-ultrafiltration step (Higham et al., 2006b ) and infrared spectroscopy to check the quality of the extract.
Fourier Transform Infrared Analysis (FTIR) indicated that the collagen extracted from the bovid bone phalanx was not contaminated by clay from the soil of deposition. The well-preserved bovid bone collagen was measured using Acceleration Mass Spectrometry (AMS). This sample (V 10276, radiocarbon laboratory code RTT-5578) was dated to 34,540 ± 655 14 C uncal BP (coll%=0.7; M A N U S C R I P T
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7 %C=38.8; δ 13 C=-22.8‰) (Tab. 1). Collagen yield, %C and carbon isotope ratios (δ 13 C) are compatible with those of well-preserved bone, confirming that the AMS radiocarbon date has been obtained on biogenic collagen, unaffected by contamination.
This date on a bone from the lowermost layer (III) indicates that the excavated deposits at Riparo Mezzena started accumulating in the closing stages of the Middle Palaeolithic and represents a terminus post quem for the uppermost layers and for the finds within them. Although other radiocarbon dates are needed to establish the temporal span of human occupation at Riparo Mezzena, the radiocarbon determination presented here allow some inferences on the chronology of the site and to link its stratigraphy to the climatic episodes which took place during late OIS3, which left their trace in the sediments at the rockshelter. Before discussing these issues, it should be noted that, as shown in Table 1 , the calibrated age of the bovid bone from Layer III at Riparo Mezzena overlaps significantly with the range of ages for the Proto-Aurignacian occupation at the nearby Grotta Fumane. This date from Riparo Mezzena proves that Neandertal occupation at this site was contemporary to Proto-Aurignacian occupation at Fumane and probably, therefore, to the presence of AMHs in the territory of the Lessini Mountains.
Discussion
The review of the data arising from the study of the Mousterian site of Riparo Mezzena and the first radiocarbon date obtained from it allow initiation of a discussion on the bio-cultural evolution which took place in Italy from the late Middle Palaeolithic to the early Upper Palaeolithic.
In Italy, as in the rest of Europe, a notable emphasis has been given recently to 14 C dating in establishing the chronological framework for the cultural and demographic dynamics which took place during this key transitional period for human evolution in Eurasia. Some of the numerical dates obtained on organic remains from sites with transitional deposits have been questioned along with the archaeological reconstructions originating from them Higham et al., 2009) .
A significant turning point, however, for the understanding of the chronology of the Middle Palaeolithic to Upper Palaeolithic transition in Italy has been achieved through the chronostratigraphic study of Campanian Ignimbrite (CI), tephra deposits produced by the volcanic eruptions of the Phlegrean Fields, one of which dated in radiocarbon terms to 34.8 -34.7 ka 14 C BP (Jöris et al., 2011) .
CI only occurs in anthropogenic deposits in the southern regions of the Italian Peninsula, such as the open air site at Serino, the cave site of Grotta di Castelcivita on the Tyrrhenian side and the cave sites of Grotta di Uluzzo, Grotta Bernardini and Grotta del Cavallo on the Adriatic side . At all these sites the tephra seals stratigraphic sequences which from bottom to top include Mousterian, Uluzzian and Proto-Aurignacian deposits, thereby indicating that the technological transition from Middle to Upper Palaeolithic industries probably had occurred by the time of the volcanic eruptions of the Phlegrean Fields. CI tephras, therefore, represent a terminus ante quem for the transition which probably started around the Greenland Interstadial 11 (GI 11) and ended around Heinrich Event 4 (HE 4), which coincided with the Phlegrean eruptions . The fact that one of the CI tephra has been precisely dated (De Vivo et al., 2001 ) and that it, therefore, appears as a reliable chrono-stratigraphic marker has brought into question the validity of some of the 14 C dates available for the transitional period, such as for example those from the Uluzzian deposits at Grotta di Castelcivita, which seemingly post-date the tephra (Gambassini, 1997) .
The scenario of the Middle-to-Upper Palaeolithic transition in central and northern Italy remains unclear, not only because the ash fall from the Phlegrean eruption did not extend to this part of the Italian Peninsula and, therefore, the CI tephra is not present at sites in this area, but also because of the scarcity of radiocarbon dates for this period. The largest set of 14 C dates from a Middle-toUpper Palaeolithic transition site is that available for Grotta di Fumane, which has been the object M A N U S C R I P T
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8 of numerous dating projects . The most recent and reliable dates for charcoal samples from this site, obtained by using the acid-base-oxidation/stepped combustion (ABOx-SC) method, attest that, as in the case of the southern Italian sites, the Proto-Aurignacian layer pre-dates the eruption of the Phlegrean Fields. In other words, based on the evidence from Grotta di Fumane alone, Higham et al. (2009) suggested that in northern Italy the replacement of Hn by AMHs had taken place by around 35 ka 14 C uncal BP. Setting aside for the moment issues of chronology, one of the main problems in studying the demise of Neandertals in Italy is linked to the attribution of lithic industries to their makers. Three lithic techno-complexes dating to the Middle-to-Upper Palaeolithic transition period were present in the Italian Peninsula: Mousterian, Uluzzian and Proto-Aurignacian (Palma di Cesnola, 1993; Kuhn and Bietti, 2000; Ronchitelli et al., 2009) , the first two being attributed to indigenous Neandertals, while the latter to incoming AMHs. The Uluzzian, one of the so-called transitional industries, has been attributed to Hn because at Grotta del Cavallo it was found in association with teeth attributed to this hominin species (Palma di Cesnola and Messeri, 1967), although it should be noted that this taxonomic identification has been cast into doubt based, as it is, on four extremely weathered teeth (Churchill and Smith, 2000) . The attribution of the Proto-Aurignacian to AMHs, on the other hand, has not been corroborated by the recovery of human remains at any of the sites where this technocomplex is attested. These three industries are not evenly distributed across the Italian Peninsula, because while the Mousterian and Proto-Aurignacian have been found at sites throughout Italy, the Uluzzian is distributed in central-southern Italy (Palma di Cesnola, 1993) . Given the uncertainties which have been raised by numerous scholars (Kuhn and Bietti, 2000; Riel-Salvatore, 2009; RielSalvatore and Negrino, 2009 ) on the attribution to the Uluzzian of the industries from levels A4 and A3 at Grotta di Fumane (Bartolomei et al., 1992; Peresani, 2008) , it can be stated that this technocomplex, according to Palma di Cesnola (1993) and Riel-Salvatore (2009), started developing before the arrival of AMHs in central and southern Italy, which occurred around 34-32 ka 14 C uncal BP (Ronchitelli et al., 2009 ).
The radiocarbon date on the bovid bone from the base of the sequence at Riparo Mezzena, presented in this paper, is important (i) since it attests the presence of Late Mousterian Neandertals in the Italian, and not only in the Iberian (Finlayson et al., 2006; Delson and Harvati, 2006) , peninsula and (ii) because, if supported by further dating, it has fundamental implications for the understanding of the Middle-to-Upper Palaeolithic transition in Italy. In fact, this date testifies that genetically-typed Neandertals, makers of Mousterian industries, were present in the territory of the Lessini Mountains till at least some time after 34 ka 14 C uncal BP, by when the makers of ProtoAurignacian industries, probably AMHs, had been occupying Grotta di Fumane for a millennium .
This implies that indigenous groups of Hn probably came into contact with AMHs, thereby, pending new radiocarbon dates on bones from Riparo Mezzena, it can be postulated that in northern Italy the duration of this co-existence was not prolonged and probably ended around HE 4. This hypothesis is supported by the fact that the interaction between the two hominin species in the Lessini Mountains did not result in acculturation or in the acquisition by Neandertals from AMHs of any of the traits supposedly associated with behavioural modernity (e.g. Mellars, 2005) .
The evidence for the cultural separation of these two closely-related hominins in northern Italy is matched by ancient mitochondrial DNA data, which are compatible with a genetic discontinuity between Hn and AMHs (Caramelli et al., 2006) . In fact, palaeogenetic data from the Riparo Mezzena specimens testify that Italian Neandertals had highly divergent mtDNA sequences compared to other Neandertals and they were separated from AMHs by several fixed mtDNA differences (Caramelli et al., 2006) . This combined with nuclear DNA data (Lalueza Fox et al., 2007; Lari et al., 2010) suggests that it is important to obtain further palaeogenetic data from the Mezzena fossils, in order to confirm or refute the admixture hypothesis in this part of Europe.
The radiocarbon date on the bovid from Riparo Mezzena may also have important implications for the interpretation of Uluzzian techno-complexes in Italy. The identification of the Uluzzian M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 9 industry at Grotta di Fumane before the appearance of the Proto-Aurignacian, which as mentioned above, has been taken with skepticism on techno-typological grounds (Kuhn and Bietti, 2000; RielSalvatore, 2009; Riel-Salvatore and Negrino, 2009) , is now also cast into doubt by the new dating evidence from Riparo Mezzena. In fact, it seems unlikely (i) that Neandertal groups makers of different techno-complexes were present in the Lessini Mountains in the closing stages of the Middle Palaeolithic and (ii) that Neandertal groups supposedly producing Uluzzian industries (a) did not leave traces at other sites in northern Italy (including Riparo Mezzena) and (b) disappeared before their conspecifics who were still producing Mousterian industries.
The radiocarbon date from Riparo Mezzena might also have implications for the debate on the makers of the Uluzzian techno-complexes. The Neandertals that occupied Riparo Mezzena do not appear to have changed their technology significantly, neither before nor during the brief period of contact with AMHs. It can, therefore, be concluded that at least in NE Italy the transition between the Middle and the Upper Palaeolithic was marked by a discontinuity in biological, cultural and technological terms. If a similar scenario occurred throughout the Italian Peninsula, with the contact period being extremely brief, then it could even be postulated that the technological and behavioural modernity attested by Uluzzian industries and ornaments in southern Italy should be attributed to groups of AMHs, who might have migrated down from the Balkan Peninsula through the transAdriatic corridor during GI 11, taking with them an early Upper Palaeolithic techno-complex (BarYosef, 2006b ), similar to that from Klisoura I in Greece (Koumouzelis et al., 2005) , a site from which human remains have not been recovered. This scenario would exclude the hypotheses put forward by Palma di Cesnola (1993 Cesnola ( , 2004 and Riel-Salvatore (2009) , who suggested that the Uluzzian resulted from independent local evolution and in its latter stages from the acculturation of Neandertals by AMHs (Palma di Cesnola, 1993).
Conclusions
Recent studies aimed at clarifying the chronology of the Middle-to-Upper Palaeolithic transition in the Italian Peninsula Higham et al., 2009 ) have demonstrated that the replacement of Hn by AMHs took place over a period of two to three millennia and that this event was probably over by the time of the volcanic eruption of the Phlegrean Fields, which roughly corresponds to HE 4. The sites on which these chrono-stratigraphic reconstructions are based lack skeletal remains of Homo, or at best were found to contain a few remains which are difficult to identify to species (i.e. Grotta del Cavallo; Palma di Cesnola and Messeri 1967). Hypotheses on the disappearance of Neandertals and of their replacement by AMHs have, therefore, been based on the presence or absence of lithic industries tentatively attributable to either of these hominins. The fact that at the time of the Proto-Aurignacian occupation at Grotta di Fumane, Hn was present in the nearby site of Riparo Mezzena and had still a frankly Mousterian industry throws new light on the transition from the Middle-to-Upper Palaeolithic shift in Italy, suggesting that these two hominins probably co-existed for a short period of time and that the co-existence resulted in bio-cultural discontinuity.
These observations, which are at present the only ones for Italy based on a dated site containing genetically-typed fossils undisputedly associated to a well defined lithic industry (i.e. the Mousterian), also have implications for the understanding of who made the Uluzzian. On the basis of the evidence from Riparo Mezzena, the Uluzzian was an industry limited to the central-southern Italian Peninsula and that it might have been associated to AMHs incoming from the Balkans through the trans-Adriatic corridor. This hypothesis is supported not only by the late persistence of Neandertals with Mousterian techno-complexes in northern Italy, but also by the stratigraphic sequences of the main deposits dating to the Middle-to-Upper Palaeolithic transition, which attest a cultural discontinuity between the Mousterian levels and the Uluzzian and Proto-Aurignacian levels above them (Pitti et al., 1976; Gambassini, 1997; Benini et al., 1998) .
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In conclusion, the currently available data are compatible with two possible explanations for the Hn/AMHs shift in Italy: (i) Neandertals were absorbed in the AMH population through interbreeding or, more simply, (ii) the former were rapidly replaced by the latter, leaving very few traces. The short duration of the co-existence and the bio-cultural discontinuity attested by the data arising from the study of the Riparo Mezzena fossils suggest that the second hypothesis is the most parsimonious for the Italian Peninsula. On the whole, data from across Eurasia, also appear to support the idea that co-existence between Neandertals and AMHs was short-lived (Pinhasi et al., 2011) and that the replacement of the former by the latter hominin was a rapid process in most areas, with the possible exception of Iberia (Zilhão, 2006) . A more general consensus on the bio-cultural shift that took place in Eurasia during the Middle-toUpper Palaeolithic transition might only be reached when a more conspicuous number of chronologically and culturally well-contextualized human remains of morphologically and genetically typed specimens will be available. This is a necessary step, as much of the debate on the transition (e.g. Clark, 2002; d'Errico, 2003; Mellars, 2005; Bar-Yosef, 2006b; Zilhão, 2006; Strauss, 2007) derives from uncertainties in the attribution of the transitional techno-complexes to their makers (Bailey et al., 2009) , be it the Chatelperronian (Bar-Yosef and Bordes, 2010) , the Uluzzian (Churchill and Smith, 2000) , the Lincombian-Ranisian-Jerzmanowician (Semal et al., 2009) or others. The evidence presented in this paper, along with that which is arising from current work on the collections from Riparo Mezzena, is, therefore, crucially important for pondering on what was a very common, if not the most frequent, outcome of the co-existence of Neandertals of Late Mousterian culture and AMHs across Eurasia: the disappearance of the former leaving behind no tangible trace, apart from possibly a minor contribution to the genetic makeup of the latter. (2) (3) (4) (8) (9) (10) (11) . Layer II (1-4, 7), Layer III (5-6, 8-11). Fig. 3 . Recurrent centripetal Levallois blanks (1, 5-6), elongated mousterian point (8), mousterian points (2, 7), limace (13), single side scrapers (9-10), double side scrapers (3, 14), offset side scrapers (4, (11) (12) . Layer II (3-5, 7-9, 13), Layer III (1- 2, 6, [10] [11] [12] 14) . Fig. 4 . End scrapers (6, (8) (9) (10) (11) (12) (13) (14) , burins (1-3, 15-17), truncated pieces (4-5, 18-21), borers (7, (22) (23) . Layer II (2, 4, (6) (7) (13) (14) (15) (18) (19) 23), Layer III (1, 3, 5, (8) (9) (10) (11) (12) (16) (17) (20) (21) (22) . Table 1 Sample details, radiocarbon ages, calibrated ranges and stable isotope ratios of Mousterian level in Mezzena site and of the Proto-Aurignacian levels in Fumane Cave. Calibrated ranges are given for ±1σ (68.2% probability) and ±2σ (95.4% probability) and were calculated using the software OxCal 4.1.5. © Bronk Ramsey 2010 (Bronk Ramsey, 1995; based on the calibration data in Reimer et al., 2009. 
